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57 ABSTRACT

A display device includes a display panel and a polarization
conversion panel facing the display panel. The polarization
conversion panel includes: an insulation substrate; an
absorptive polarizer positioned on the insulation substrate; a
first electrode positioned on the absorptive polarizer; a
passivation layer formed on the first electrode while being
spaced apart therefrom a microcavity interposed between the
passivation layer and the first electrode, the passivation layer
an injection hole; an overcoat formed on the passivation
layer to cover the injection hole and seal the microcavity; a
second electrode positioned on the overcoat; a reflective
polarizer positioned on the second electrode; and a liquid
crystal layer positioned in the microcavity.

8 Claims, 14 Drawing Sheets
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FIG. 2A

31 vy 410 405 402 401 404

| / \

/| | [ [ ]

R S S ——

I\ \ U\ A\ /e \ U

—A434
—403
—120

21 270 370 360 3S))0 350 305

n
——
/——1\ / ( \

W

/
] \
T Y v I t

RERRERERNE
NN | 1]
110 140 180 230 220 171 240 250 230 191 11

-




U.S. Patent Oct. 4, 2016 Sheet 3 of 14 US 9,459,491 B2

\Y/]

<
oy 4
=
o N
N}
= -
]
<
8’\-’ \_//-—\g
N B
aa —
@\

. 1 4t} \_’AS
O N N
3 )

] \pg
LD
O 7 -
< 1

>

]

31

400

%
4/07

|
]




US 9,459,491 B2

Oct. 4, 2016 Sheet 4 of 14
FIG. 3
V2 110

bPX
X

PXb

PXa

U.S. Patent

| |
ettty ittt [rsteteiet | IR | Ptetels 1
] | |t it | | i i T
| il N 1 h i it I 1 IH
' | 1 i i | i | 1 il
__ I i TH i I [ I I H
' | 1 i 1 | i I 1 il
' | 1 [ i | i I 1 il
__ il i b | __ __ | | "
[ | o | | ] i L__Ji
— "1 I |
[ I
[ I
Iellink el | viovtostoste B ptestretenionk | | el | | eivinvinsi BN wiouloctociont ¥ I, | deiosiosie ]
0 R T CooataT N
__ __ __ 1 1 1 1 __
| il of e i T I i I i !
| | | i h | i I i !
| | | i | i | I !
| | i i | i | i !
1 | . .
L1 | _ IIIII _ IIIII “ | | ——1 _.IIIL, “.IIIL"
l-.[..\.NH IIIIII e t f r—=—-" r—— r——-1 “
| | | i | i h | I !
| | | i | ihh | i !
T | AT BRI, o
— I | o 1
N> | oo oot i !
i | i | | i I i "
i b T OO I R I
[Idatas )| Kindmindel B Rettesied PO | Rttt B Kttt | I | Kedntndl |
M i i s
o il | o | O | e R T Sl
Ll - i i i | i i i "
o I | R Y A R L
= 1 it 1 i [T 1 !
N il T il i 1 K
h I i i | I it I 1 il
' | _ _ 1 i i _ _ | i I 1 il
lL___3 Flllt__ _—.|||L lllll el He———s 1
= i =2 e
== [ | | — [IH_
| !
e e e
(r-——m — _ III._“ "_||||._ _ — lllll te—1 1"
__ I i i i I i i
i | i i ilb b ith I i i
| T T it i | i I i i
' | 1 i i | i h I 1 il
[ I 1 i | 1 it h 1!
Tt it N P
__V_ . _V_:_ i /J_ I i h | i :
Bkl gt * _ o et _— * ||||| ode—=2 e g
1 1 T
} T
O 1v O LN O ™~
(=W o oM o o




U.S. Patent

Oct. 4, 2016

FIG. 4

192h 129

Sheet 5 of 14

A 1 T |
—— ]
f : 3
% /”

US 9,459,491 B2

134

191h

j%mb
Cstd
I 17 177
N}h%: S = — 270 158
Qh\/:~ - T N 121a 137
154 : —;3--—\_@:
73— ‘ @fgz_ BZE
124 : 7 S
175 & 175¢
154 inn Q
185h 1584cl
197 185
220a/ ’ § 19b71
B 20
19| T8 7
4\‘““ 192|
el i
" N W
1928 // X /_// -
193 {401
194h
197h, 2203
19217 / \ ih 2
9 / \ / toh
> 191 101
%3‘71: ] 7\ | | //419“}




US 9,459,491 B2

Sheet 6 of 14

Oct. 4, 2016

U.S. Patent

TA

exXd

0cc

\____/\

T€—0 )m\ 0
, 10§
— ,_
1 .
[\ L
0/€ 0SE SOE 0OF 06€
¢ 'DIA

| 1

| 1

— 1]



U.S. Patent Oct. 4, 2016 Sheet 7 of 14 US 9,459,491 B2

FIG. 6

. ] !
110 140 180 230 220 171 240

) dh V2 PX



U.S. Patent Oct. 4, 2016 Sheet 8 of 14 US 9,459,491 B2

/
\
404

FIG. 7
[
)
401




U.S. Patent Oct. 4, 2016 Sheet 9 of 14 US 9,459,491 B2

\Y/]

\Y/

<
-~ O
~— h g
o0 B
L] /
et = <
o ~
/
o
S
)
/

YR\



U.S. Patent Oct. 4, 2016 Sheet 10 of 14 US 9,459,491 B2

\Y/]

4%0
\Y/

<
-~ O
~— h g
o B
L] /
et = <
o ~
/
LN
S

/V
%U/ \V/

Jf



U.S. Patent Oct. 4, 2016 Sheet 11 of 14 US 9,459,491 B2

FIG. 10
100
f—j%
101 120
% 403

T
) 1%
N . AT 402




U.S. Patent

100

Oct. 4, 2016 Sheet 12 of 14 US 9,459,491 B2

/—}%

10

A

N

120

\\
S
N
~
~

FIG. 11




US 9,459,491 B2

Sheet 13 of 14

Oct. 4, 2016

U.S. Patent




U.S. Patent Oct. 4, 2016 Sheet 14 of 14 US 9,459,491 B2

® 3




US 9,459,491 B2

1
MIRROR DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0014924 filed in the
Korean Intellectual Property Office on Feb. 10, 2014, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

(a) Field

The present invention relates to a mirror display device
and a manufacturing method thereof.

(b) Description of the Related Art

Aliquid crystal display is currently one of the most widely
used flat panel displays, and includes two display panels on
which electric field generating electrodes such as a pixel
electrode and a common electrode are formed, and a liquid
crystal layer interposed between the two display panels. The
liquid crystal display displays an image by generating an
electric field on a liquid crystal layer by applying a voltage
to the field generating electrodes, determining alignment
directions of liquid crystal molecules of the liquid crystal
layer through the generated field, and controlling polariza-
tion of incident light.

The two display panels forming the liquid crystal display
may include a thin film transistor array panel and an oppos-
ing display panel.

In the thin film transistor array panel, a gate line for
transmitting a gate signal and a data line for transmitting a
data signal are formed to cross each other, and a thin film
transistor connected to the gate and the data lines, a pixel
electrode connected to the thin film transistor, etc. may be
formed.

The opposing display panel may be formed with a light
blocking member, a color filter, a common electrode, etc.

Alternatively, the light blocking member, the color filter,
and the common electrode may be formed on the thin film
transistor array panel.

However, in a liquid crystal display in the related art, two
sheets of substrates are inevitably used, and respective
constituent elements are formed on the two sheets of sub-
strates, and as a result, the display device becomes heavy
and thick, incurs a high cost, and requires a longer process-
ing time.

Meanwhile, personal hand-held terminals or liquid crystal
displays for outdoor display purposes basically have a
portable size to meet a user’s need, and liquid crystal
displays including an additional mirror function have
recently been provided.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the disclosure and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY

A display device and a manufacturing method thereof that
are capable of reducing weight, thickness, cost, and pro-
cessing time by using a single substrate when manufacturing
the display panel are provided.
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2

In addition, a display device that is capable of implement-
ing a mirror mode in addition to a display mode is provided.

A display device includes a display panel and a polariza-
tion conversion panel facing the display panel. The polar-
ization conversion panel includes: an insulation substrate; an
absorptive polarizer positioned on the insulation substrate; a
first electrode positioned on the absorptive polarizer; a
passivation layer formed on the first electrode while being
spaced apart therefrom and a microcavity interposed
between the passivation layer and the first electrode, the
passivation layer an injection hole; an overcoat formed on
the passivation layer to cover the injection hole and seal the
microcavity; a second electrode positioned on the overcoat;
a reflective polarizer positioned on the second electrode; and
a liquid crystal layer positioned in the microcavity.

The display panel may contact the reflective polarizer.

The first and second electrodes may be made of a trans-
parent conductive oxide (TCO).

A first polarizer positioned between the display panel and
the reflective polarizer may be further included, and trans-
missive axes of the first polarizer and the reflective polarizer
may coincide with each other.

The transmissive axis of the reflective polarizer may be
perpendicular to a transmissive axis of the absorptive polar-
izer.

A reflective axis of the reflective polarizer may be parallel
to the transmissive axis of the absorptive polarizer.

The transmissive and reflective axes of the reflective
polarizer may be perpendicular to each other.

The display panel may include: a substrate including a
plurality of pixel areas that are arranged in a matrix form
including a plurality of pixel rows and pixel columns; a thin
film transistor formed on the substrate; a pixel electrode
formed in the pixel area while being connected to the thin
film transistor; a roof layer formed on the pixel electrode
while being spaced apart therefrom and interposing a display
microcavity therebetween; a liquid crystal layer filling the
display microcavity; and an overcoat formed on the roof
layer to cover the first injection hole and seal the display
microcavity.

A manufacturing method of a display device includes:
preparing a display panel; forming a first electrode on a
surface of a separate insulation substrate; forming a sacri-
ficial layer on the first electrode; forming a passivation layer
on the sacrificial layer; forming an injection hole by etching
the passivation layer such that the sacrificial layer is partially
exposed; forming a microcavity between the passivation
layer and the first electrode by removing the sacrificial layer;
forming a liquid crystal layer by injecting a liquid crystal
material through the injection hole; sealing the microcavity
by forming an overcoat on the passivation layer; forming a
second electrode on the overcoat; positioning a reflective
polarizer on the second electrode; and positioning an absorp-
tive polarizer on the other side of the insulation substrate.

The preparing of the display panel may include: forming
a thin film transistor on a substrate including a plurality of
pixel areas that are arranged in a matrix form including a
plurality of pixel rows and pixel columns; forming a pixel
electrode that is connected to the thin film transistor in the
pixel area; forming a sacrificial layer, which is connected
along the pixel column, on the pixel electrode; forming a
roof layer on the sacrificial layer; forming a first injection
hole by patterning the roof layer such that the sacrificial
layer is partially exposed; forming a display microcavity
between the pixel electrode and the roof layer by removing
the sacrificial layer; forming a liquid crystal layer by inject-
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ing a liquid crystal material through the first injection hole;
and sealing the display microcavity by forming an overcoat
on the roof layer.

The method may further include combining the display
panel and the reflective polarizers such that they contact
each other.

The first and second electrodes may be made of a trans-
parent conductive oxide (TCO).

The method may further include forming a first polarizer
between the display panel and the reflective polarizer,
wherein transmissive axes of the first polarizer and the
reflective polarizer may coincide with each other.

The transmissive axis of the reflective polarizer may be
perpendicular to a transmissive axis of the absorptive polar-
izer.

A reflective axis of the reflective polarizer may be parallel
to the transmissive axis of the absorptive polarizer.

The transmissive and reflective axes of the reflective
polarizer may be perpendicular to each other.

According to the display device and the manufacturing
method thereof, the weight, thickness, cost, and processing
time can be reduced by using the single substrate in manu-
facturing the display panel.

In addition, through the display device implementing a
mirror mode and the manufacturing method thereof, conve-
nience may be provided for the user.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a display device according
to an example embodiment.

FIG. 2A is a partial cross-sectional view of the display
device according to the example embodiment.

FIG. 2B is a cross-sectional view of a polarization con-
version panel according to the example embodiment.

FIG. 3 is a top plan view of a display panel according to
the example embodiment.

FIG. 4 is a top plan view of one pixel of the display panel
according to the example embodiment.

FIG. 5 is a partial cross-sectional view of the display
panel according to the example embodiment taken along the
line V-V of FIG. 3.

FIG. 6 is a partial cross-sectional view of the display
panel according to the example embodiment taken along the
line VI-VI of FIG. 3.

FIGS. 7 to 9 are cross-sectional views of a polarization
conversion panel according to a manufacturing method
thereof.

FIGS. 10 and 11 are schematic views showing how a
mirror mode is implemented according to the example
embodiment of the present invention.

FIGS. 12 and 13 are images of the display device accord-
ing to the example embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present disclosure will be described more fully here-
inafter with reference to the accompanying drawings, in
which example embodiments are shown.

As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

In the drawings, the thickness of layers, films, panels,
regions, etc. are exaggerated for clarity.
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4

Like reference numerals designate like elements through-
out the specification.

It will be understood that when an element such as a layer,
film, region, or substrate is referred to as being “on” another
element, it can be directly on the other element, or inter-
vening elements may also be present.

In contrast, when an element is referred to as being
“directly on” another element, there are no intervening
elements present.

A display device according to an example embodiment
will now be described with reference to FIGS. 1 and 2.

FIG. 1 is an exploded perspective view schematically
showing a display device according to an example embodi-
ment, FIG. 2A is a partial cross-sectional view of the display
device according to the example embodiment, and FIG. 2B
is a cross-sectional view of a polarization conversion panel
according to the example embodiment.

Referring to FIG. 1, the display device according to the
example embodiment includes a display panel 100, a polar-
ization conversion panel 400, and a window 10.

The window 10 is positioned in front of the display panel
100 to protect it.

The window 10 protects the display panel from being
broken by external impact.

The window 10 may be attached to the display panel 100
or the polarization conversion panel 400 by a predetermined
adhesive layer (not shown).

Alternatively, the display panel 100 or the polarization
conversion panel 400 may be formed so as to be spaced apart
from the window 10 with an air layer interposed therebe-
tween.

The display panel 100 may include a liquid crystal array
panel 101 and polarizers 120, 130 positioned at opposite
sides of the liquid crystal array panel 101.

In the present disclosure, a liquid crystal display panel in
which the liquid crystal array panel 101 generates a vertical
electric field is described, but it is not limited thereto.
Alternatively, the display panel may be a display device such
as a plasma display panel (PDP), an organic light emitting
diode (OLED) display device, a surface conduction elec-
tron-emitter display (SED), a field emission display (FED),
a vacuum fluorescent display (VFD), an e-paper, etc.

A first polarizer 120 and a second polarizer 130 may be
positioned on opposite sides of the liquid crystal array panel
101 so as to polarize light incident from a light unit (not
shown).

Particularly, a transmissive axis of the first polarizer 120
positioned between the polarization conversion panel 400
and the liquid crystal array panel 101 coincides with a
transmissive axis of a reflective polarizer 403 that the
polarization conversion panel 400 includes.

In order for the image displayed on the liquid crystal array
panel 101 to be transmitted to a user through the reflective
polarizer 403, the transmissive axes of the reflective polar-
izer 403 and the first polarizer 120 should be parallel to each
other.

In addition, when the liquid crystal array panel 101 is used
as the display panel according to an example embodiment,
the display device may further include the light unit (not
shown) in addition to the first and second polarizers 120 and
130.

The light unit includes a light source that emits light, and
a light guide plate (not shown) for guiding the received light
toward the display panel 100 and the polarization conversion
panel 400.
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As an example of the present invention, the light source
may include at least one light emitting diode (LED), which
may be disposed on at least one lateral side of the light guide
plate.

That is, the light source may be an edge-type light unit
positioned at the lateral sides of the light guide.

However, the light unit is not limited thereto, and it may
have a direct-type structure in which the light source is
positioned directly under a diffusion plate (not shown), and
the light source may consist of a fluorescent lamp instead of
the light emitting diode (LED).

In the present disclosure, the liquid crystal display panel
has been used as the display panel, but it is not limited
thereto, and an organic light emitting diode display panel
may be used, and in this case, the second polarizer 130 and
the light unit (not shown) may be omitted.

The polarization conversion panel 400 will now be
described in more detail with reference to FIGS. 2A and 2B.

The display panel illustrated in FIG. 2A together with the
polarization conversion panel 400 will be described below in
more detail.

FIG. 2A illustrates that the polarization conversion panel
and the display panel are spaced apart from each other, but
they can be combined by an adhesion member and the like.

Referring to FIG. 2B, the polarization conversion panel
400 reflects or transmits light depending on whether or not
a voltage is applied thereto, and according to the example
embodiment, the polarization conversion panel 400 is posi-
tioned between the window 10 and the display panel 100.

The polarization conversion panel 400 includes the reflec-
tive polarizer 403 positioned on the first polarizer 120 of the
display panel 100, a second electrode 434 positioned on the
reflective polarizer 403, a first electrode 404 that faces and
is spaced apart from the second electrode 434, and an
absorptive polarizer 402. A microcavity 405 injected with a
liquid crystal layer containing liquid crystal molecules 31
and a plurality of passivation layers 410 may be positioned
in a space between the second and first electrodes 434 and
404.

Alternatively, according to the present example embodi-
ment, the absorptive polarizer 402 may be positioned on an
insulation substrate 401.

This is for the polarization conversion panel 400 and the
display panel to be separately manufactured and then com-
bined.

The absorptive polarizer 402 is positioned on one surface
of the insulation substrate 401.

The absorptive polarizer 402 has a predetermined trans-
missive axis, and the transmissive axis of the absorptive
polarizer 402 may be perpendicular to or parallel to the
transmissive axis of the reflective polarizer 403 depending
on liquid crystal modes.

Accordingly, only light vibrating in a direction parallel to
the transmissive axis of the absorptive polarizer 402 may
pass through the absorptive polarizer 402, and the remainder
of the light is absorbed by the absorptive polarizer 402.

The first electrode 404 is positioned on the other surface
of the insulation substrate 401.

The first electrode 404 may be made of a transparent
conductive oxide (TCO), and may have the same planar
shape as the insulation substrate 401, but it is not limited
thereto.

The second electrode 434 is formed on the first electrode
404 such that it is spaced apart therefrom.
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Similar to the first electrode 404, the second electrode 434
may be made of a transparent conductive oxide (TCO), and
may have a shape corresponding to the planar shape of the
insulation substrate 401.

However, the second electrode is not limited to the
material or shape described above.

A plurality of microcavities 405 as well as the passivation
layer 410 and an overcoat 420 that are used to form the
microcavities 405 are formed between the first and second
electrodes 404 and 434.

That is, the microcavities 405 are enclosed by the first
electrode 404, the second electrode 434, and the passivation
layer 410.

A width and an area of the microcavity 405 may be
variously changed depending on a size and resolution of the
display device.

In other words, according to an example embodiment, the
microcavity 405 may be formed of a plurality of passivation
layers and/or overcoats.

In the present disclosure, as shown in FIG. 2A and FIG.
2B, the microcavity 405 that is formed by the passivation
layer and the overcoat will be described.

The microcavities 405 are positioned on the insulation
substrate 401 of the polarization conversion panel 400, and
in particular, may be arranged in a matrix form.

In this case, a valley V that defines an independent
microcavity may be positioned along the matrix direction.

The valleys V may be positioned along horizontal and
vertical directions so as to define the microcavities 405 that
are arranged in the matrix form.

The passivation layer 410 may be formed to cover all of
the microcavities 405 and the first electrode 404.

In this case, an injection hole 407 is formed such that the
passivation layer 410 is partially removed to expose con-
stituent elements positioned under the passivation layer 410.

As an example, the passivation layer 410 may have a
shape that extends in a column direction with respect to the
insulation substrate 401, and may be removed from the
valleys to correspond to the valleys that are formed in a row
direction.

Though not separately illustrated in FIGS. 2A and 2B, a
first valley V1 may be positioned to support the microcavity
405 while a second valley V2 may be removed to form the
injection hole 407 through which liquid crystals are injected
inside the microcavity 405. Each passivation layer 410 is
formed to be separated from the substrate 401 between the
valleys V of the microcavities 405 so as to form the
microcavities 405.

Further, in the valleys V between the microcavities 405
adjacent in a column direction, each passivation layer 410 is
formed to be attached to the substrate 401 or the first
electrode 404 such that it covers both lateral sides of the
microcavities 405.

As an example, the injection hole 407 may be formed to
correspond to a region in which the valley V is positioned,
but is not limited thereto, and it may be formed on a top
surface of the microcavity.

A structure of the polarization inversion panel is described
as an example, and it may be modified in various ways.

For example, an arrangement of the valleys V may be
varied, and the passivation layer 410 may be formed such
that it is separated from the substrate 401 between the
valleys of the adjacent microcavities 405 and is attached to
the substrate 401 or the first electrode 404 so as to cover both
lateral sides of the microcavity 405.
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The liquid crystal layer including the liquid crystal mol-
ecules 31 that are injected through the injection hole 407 is
positioned in the microcavity 405.

The liquid crystal molecules 31 can be realigned by
applying an electric field between the second and first
electrode 434 and 404.

As a result, rotation and phase delay of incident light
toward the polarization conversion panel 400 can be
adjusted by controlling the electric field between the second
and first electrodes 434 and 404 from 0V to a predetermined
voltage.

The overcoat 420 may be formed on the passivation layer
410.

The overcoat 420 is formed to cover the injection hole 407
through which the microcavity 405 is partially exposed.

That is, the overcoat 420 may seal the microcavity 405
such that the liquid crystal molecules 31 therein are not
discharged to the outside.

Because the overcoat 420 contacts the liquid crystal
molecules 31, the overcoat 420 may be preferably made of
a material that is not reactive with the liquid crystal mol-
ecules 31.

For example, the overcoat 420 may be made of parylene
and the like.

In the present disclosure, the overcoat 420 having a single
layer has been illustrated, but it is not limited thereto, and it
may consist of multiple layers such as a double layer or a
triple layer structure.

The double layer structure consists of two layers that are
respectively made of different materials.

The triple layer structure consists of three layers, and
forming materials of adjacent layers are different from each
other.

For example, the overcoat 420 may include a layer made
of an organic insulating material and a layer made of an
inorganic insulating material.

The second electrode 434 described above is positioned
on the overcoat 420.

The reflective polarizer 403 is positioned on the second
electrode 434.

The transmissive axis of reflective polarizer 403 is par-
allel to the transmissive axis of the first polarizer 120. The
reflective axis of reflective polarizer 403 is in a direction
perpendicular to the transmissive axis.

Light that vibrates in a direction parallel to the transmis-
sive axis of the reflective polarizer 403 is transmitted, while
light that vibrates in a direction perpendicular to the trans-
missive axis, that is, a direction parallel to the reflection axis,
is reflected.

A reflective polarization film may be used as the reflective
polarizer 403, and a dual brightness enhancement film
(DBEF), a wire grid polarizer (WGP), or a TiO, multilayer
film may be used, as an example, but it is not limited thereto.

The display panel 100 according to an example embodi-
ment, except for the polarization conversion panel 400, will
now be schematically described with reference to FIGS. 3 to
6.

FIG. 3 is a top plan view of the display panel according
to an example embodiment, and for convenience, some
constituent elements are illustrated in FIG. 3.

The display panel according to an example embodiment
includes a substrate 110 that is made of a material such as
glass and plastic, with a roof layer 360 formed thereon.

The substrate 110 includes a plurality of pixel areas PX.

The plurality of pixel arecas PX are disposed in a matrix
form including a plurality of pixel rows and a plurality of
pixel columns.
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Each pixel area PX may include a first subpixel area PXa
and a second subpixel area PXb.

The first and second subpixel areas PXa and PXb may be
vertically disposed.

A first valley V1 is positioned between the first and
second subpixel areas PXa and PXb along a pixel row
direction, and a second valley V2 is positioned between a
plurality of pixel columns.

This configuration is the same as that of the valleys V
along the microcavities 405 of polarization conversion panel
400, and configurations for forming the microcavities 405 to
be described later will also be the same.

The roof layer 360 is formed in a pixel row direction.

In this case, the injection hole 307 (FIG. 5) is formed by
removing the roof layer 360 at the first valley V1 to expose
a constituent elements positioned under the rooflayer 360 to
the outside.

Each roof layer 360 is formed so as to be separated from
the substrate 110 between the adjacent second valleys V2 to
form the microcavity 305.

Further, each roof layer 360 is formed such that it is
attached to the substrate 110 at the second valley V2 to cover
both lateral sides of the microcavity 305.

A structure of the display device according to an example
embodiment described above is an example, and may be
variously modified.

For example, an arrangement of the pixel area PX, the first
valley V1, and the second valley V2 may be modified, a
plurality of roof layers 360 may be connected to each other
at the first valley V1, and a part of each roof layer 360 may
be formed to be separated from the substrate 110 at the
second valley V2 such that the adjacent microcavities 305
can be connected to each other.

In addition, the microcavity 305 and the constituent
elements related thereto that are described in the display
panel 100 may also be applied to the polarization conversion
panel 400.

Next, referring to FIGS. 4 to 6, one pixel of the display
device according to an example embodiment will be
described as follows.

FIG. 4 is a top plan view of one pixel of the display panel
according to the example embodiment, FIG. 5 is a partial
cross-sectional view of the display panel according to the
example embodiment taken along the line V-V of FIG. 3,
and FIG. 6 is a partial cross-sectional view of the display
panel according to the example embodiment taken along the
line VI-VI of FIG. 3.

Referring to FIGS. 3 to 6, a plurality of gate conductors
including a plurality of gate lines 121, a plurality of step-
down gate lines 123, and a plurality of storage electrode
lines 131 are formed on the substrate 110.

The gate line 121 and the step-down gate line 123 mainly
extend in a horizontal direction to transmit gate signals.

The gate conductor further includes a first gate electrode
124/, and a second gate electrode 1241 that protrude upward
and downward from the gate line 121, and a third gate
electrode 124¢ protruding upward from the step-down gate
line 123.

The first gate electrode 1244 and the second gate elec-
trode 1241 are connected with each other to form one
protruding portion.

In this case, protruding shapes of the first, second, and
third gate electrodes 124/, 124/, and 124¢ may be modified.

The storage electrode line 131 mainly extends in a hori-
zontal direction to transmit a predetermined voltage such as
a common voltage Vcom.
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The storage electrode line 131 includes a storage elec-
trode 129 protruding upward and downward, a pair of
vertical portions 134 extending downward to be substan-
tially perpendicular to the gate line 121, and a horizontal
portion 127 connecting ends of the pair of vertical portions
134.

The horizontal portion 127 includes a capacitor electrode
137 expanded downward.

A gate insulating layer 140 is formed on the gate con-
ductors 121, 123, 1244, 124/, 124¢, and 131.

The gate insulating layer 140 may be made of an inor-
ganic insulating material such as a silicon nitride (SiN,), a
silicon oxide (Si0,), etc.

Further, the gate insulating layer 140 may consist of a
single layer or multiple layers.

A first semiconductor 154/, a second semiconductor 154/,
and a third semiconductor 154¢ are formed on the gate
insulating layer 140.

The first semiconductor 154~ may be positioned on the
first gate electrode 124/, the second semiconductor 154/
may be positioned on the second gate electrode 1241, and the
third semiconductor 154¢ may be positioned on the third
gate electrode 124c.

The first and second semiconductors 154/ and 154/ may
be connected to each other, and the second and third
semiconductors 154/ and 154¢ may be connected to each
other.

Further, the first semiconductor 154/ may be formed to
extend below the data line 171.

The first to third semiconductors 154/, 154/ and 154c¢
may be made of amorphous silicon, polycrystalline silicon,
a metallic oxide, etc.

Ohmic contacts (not shown) may be further formed on the
first to third semiconductors 154/, 154/, and 154c¢, respec-
tively.

The ohmic contacts may be made of a silicide or a
material such as n+ hydrogenated amorphous silicon in
which n-type impurities are highly doped.

A data conductor including a data line 171, a first source
electrode 173/, a second source electrode 173/ a third
source electrode 173c¢, a first drain electrode 175/, a second
drain electrode 175/, and a third drain electrode 175¢ is
formed on the first to third semiconductors 1544, 154/, and
154c.

The data line 171 transmits a data signal and mainly
extends in a vertical direction to cross the gate line 121 and
the step-down gate line 123.

Each data line 171 includes the first source electrode 173/
and the second source electrode 173/ that extend toward the
first gate electrode 124/ and the second gate electrode 124/,
and are connected to each other.

The first drain electrode 175/, the second drain electrode
175/, and the third drain electrode 175¢ include one wide
end portions and the other rod-shaped end portions, respec-
tively. The rod-shaped end portions of the first and second
drain electrodes 175/ and 175/ are partially surrounded by
the first and second source electrodes 173/ and 1731

One wide end portion of the second drain electrode 175/
further extends to form the third source electrode 173¢ that
is bent in a “U” shape.

A wide end portion 177¢ of the third drain electrode 175¢
overlaps the capacitor electrode 137 to form a step-down
capacitor Cstd, and the rod-shaped end portion thereof is
partially surrounded by the third source electrode 173c.

The first gate electrode 124/, the first source electrode
173/, and the first drain electrode 175/ form a first thin film
transistor Qh together with the first semiconductor 1544.
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The second gate electrode 1241, the second source electrode
1731, and the second drain electrode 1751 form a second thin
film transistor QI together with the second semiconductor
1541. The third gate electrode 124c¢, the third source elec-
trode 173¢ and the third drain electrode 175¢ form the third
thin film transistor Qc together with the third semiconductor
154c.

The first semiconductor 154/, the second semiconductor
1541, and the third semiconductor 154¢ are connected to
each other to be linearly formed, and may have substantially
the same planar shape as the data conductors 171, 1734,
1731, 173¢, 1754, 1751, and 175¢ and the ohmic contacts
therebelow, except for channel regions between the source
electrodes 173/, 1731, and 173¢ and the drain electrodes
175h, 1731, and 175¢.

In the first semiconductor 1544, an exposed portion that
is not covered by the first source electrode 173/ and the first
drain electrode 175/ is disposed between the first source
electrode 173/ and the first drain electrode 175/4. In the
second semiconductor 1541, an exposed portion that is not
covered by the second source electrode 1731 and the second
drain electrode 1751 is disposed between the second source
electrode 1731 and the second drain electrode 175I. In the
third semiconductor 154¢, an exposed portion that is not
covered by the third source electrode 173¢ and the third
drain electrode 175¢ is disposed between the third source
electrode 173¢ and the third drain electrode 175c.

A passivation layer 180 is formed on the data conductors
171, 173h, 1731, 173¢, 175k, 175/, and 175¢ and exposed
portions of the semiconductors 154/, 154/, and 154c¢
between the respective source electrodes 1734, 173/, 173¢
and the respective drain electrodes 1755k, 175/, 175¢.

The passivation layer 180 may be made of an organic
insulating material or an inorganic insulating material, and
may be formed as a single layer or multiple layers.

A color filter 230 in each pixel area PX is formed on the
passivation layer 180.

Each color filter 230 may display one of the primary
colors such as red, green, and blue.

The color filter 230 is not limited to the three primary
colors of red, green, and blue, but may display one of cyan,
magenta, yellow, and white-based colors.

Unlike what is illustrated above, the color filter 230 may
further extend in a column direction along the adjacent data
lines 171.

A light blocking member 220 is formed in a region
between the adjacent color filters 230.

The light blocking member 220 is formed on a boundary
of the pixel area PX and the thin film transistor to prevent
light leakage.

The color filter 230 is formed in each of the first subpixel
area PXa and the second subpixel area PXb, and the light
blocking member 220 may be formed between the first
subpixel area PXa and the second subpixel arca PXb.

The light blocking member 220 extends along the gate
line 121 and the step-down gate line 123 such that it expands
upward and downward, and includes a horizontal light
blocking member 220q that covers regions in which the first
thin film transistor Qh, the second thin film transistor QI, and
the third thin film transistor Qc are positioned, and a vertical
light blocking member 2205 that extends along the data line
171.

That is, the horizontal light blocking member 220a may
be formed at a position that corresponds to the position of
the first valley V1 (FIG. 5), and the vertical light blocking
member 2205 may be formed at a position that corresponds
to the position of the second valley V2 (FIG. 6).
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The color filter 230 and the light blocking member 220
may overlap each other in some regions.

A first insulating layer 240 may be further formed on the
color filter 230 and the light blocking member 220.

The first insulating layer 240 may be made of an inorganic
insulating material such as a silicon nitride (SiN,), a silicon
oxide (8i0,), and a silicon oxynitride (SiO,N,).

The first insulating layer 240 serves to protect the color
filter 230 and the light blocking member 220 that are made
of an organic material, and may be omitted if necessary.

The first insulating layer 240, the light blocking member
220, and the passivation layer 180 are formed with a
plurality of first contact holes 185/ and a plurality of second
contact holes 185/ that respectively expose the wide end
portion of the first drain electrode 1754 and the wide end
portion of the second drain electrode 175/

A pixel electrode 191 is formed on the first insulating
layer 240.

The pixel electrode 191 may be made of a transparent
metallic material such as indium tin oxide (ITO), indium
zinc oxide (IZ0), etc.

The pixel electrode 191 is divided while interposing the
gate line 121 and the step-down gate line 123 into a first
subpixel electrode 191/ and a second subpixel electrode
191/ that are disposed at upper and lower parts of the pixel
area based on the gate line 121 and the step-down gate line
123, and are adjacent to each other in a column direction.

That is, the first and second subpixel electrodes 191/ and
191/ are separated from each other while interposing the first
valley V1 therebetween, the first subpixel electrode 191/ is
positioned in the first subpixel area PXa, and the second
subpixel electrode 191/ is positioned in the second subpixel
area PXb.

The first and second subpixel electrodes 191~ and 191/
are connected to the first and drain electrodes 175/ and 175/
through the first and second contact holes 185/ and 185/,
respectively.

Accordingly, when the first and second thin film transis-
tors Qh and QI are turned on, the first and second thin film
transistors Qh and QI are applied with data voltages from the
first and second drain electrodes 175/ and 1751

Each of the first and second subpixel electrodes 191/ and
191/ roughly has a quadrangular shape, and the first and
second subpixel electrodes 191/ and 191/ include a cross-
shaped stem portion consisting of horizontal stem portions
193/ and 193/ and vertical stem portions 192/ and 192/ that
cross the horizontal stem portions 193/~ and 193/, respec-
tively.

In addition, the first and second subpixel electrodes 191/
and 191/ include a plurality of micro branch portions 194/
and 194/, and protruding portions 197/ and 197/ protruding
downward or upward from edge sides of the first and second
subpixel electrodes 191/ and 191/, respectively.

The subpixel electrodes 191/ and 191/ are divided into
four subregions by the horizontal stem portions 193/ and
193/ and the vertical stem portions 192/ and 192/

The micro branch portions 194%2 and 194/ obliquely
extend from the horizontal stem portions 193/ and 193/ and
the vertical stem portions 192/ and 192/, and may form an
angle of about 45 to 135 degrees with respect to the gate line
121 or the horizontal stem portions 1934 and 193/ in their
extending direction.

Further, directions in which the micro branch portions
194/ and 194/ of the two adjacent subregions extend may be
perpendicular to each other.

In the present example embodiment, the first subpixel
electrode 191/ further includes an outer stem portion sur-
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rounding its periphery, and the second subpixel electrode
191/ includes horizontal portions positioned at upper and
lower ends, and left and right vertical portions 198 posi-
tioned at left and right sides of the first subpixel electrode
191%.

The left and right vertical portions 198 may prevent
capacitive coupling between the data line 171 and the first
subpixel electrode 1914.

The arrangement of the pixel area, the structure of the thin
film transistor, and the shape of the pixel electrode that are
described above are examples, and the present invention is
not limited thereto, but may be variously modified.

Referring to FIGS. 5 and 6, a common electrode 270 is
formed on the pixel electrode 191 such that it is spaced apart
from the pixel electrode 191 by a predetermined distance.

A microcavity (display microcavity) 305 is formed
between the pixel electrode 191 and the common electrode
270.

That is, the microcavity 305 is surrounded by the pixel
electrode 191 and the common electrode 270.

A width and an area of the microcavity 305 may be
variously modified according to a size and resolution of the
display device.

The common electrode 270 may be made of a transparent
metallic material such as indium tin oxide (ITO), indium
zinc oxide (IZ0), etc.

The common electrode 270 may be applied with a pre-
determined voltage, and an electric field may be generated
between the pixel electrode 191 and the common electrode
270.

A first alignment layer 11 is formed on the pixel electrode
191.

The first alignment layer 11 may also be formed directly
on the first insulating layer 240 that is not covered by the
pixel electrode 191.

A second alignment layer 21 is formed under the common
electrode 270 to face the first alignment layer 11.

The first and second alignment layers 11 and 21 may be
formed in a vertical alignment layer, and may be made of an
alignment material such as polyamic acid, polysiloxane,
polyimide, etc.

The first and second alignment layers 11 and 21 may be
connected to each other at edges of the pixel area PX.

A liquid crystal layer formed by liquid crystal molecules
31 is formed in the microcavity 305 that is positioned
between the pixel electrode 191 and the common electrode
270.

The liquid crystal molecules 31 have negative dielectric
anisotropy, and may be erected in a direction perpendicular
to the substrate 110 when no electric field is applied.

That is, vertical alignment may be realized.

The first and second subpixel electrodes 191/ and 191/ to
which the data voltages are applied generate the electric field
together with the common electrode 270 to determine direc-
tions of the liquid crystal molecules 31 that are positioned in
the microcavity 305 between the two electrodes 191 and
270.

As such, luminance of light passing through the liquid
crystal layer varies according to the determined directions of
the liquid crystal molecules 31.

A second insulating layer 350 may be further formed on
the common electrode 270.

The second insulating layer 350 may be made of an
inorganic insulating material such as a silicon nitride (SiN,),
a silicon oxide (SiO,), a silicon oxynitride (SiO,N,), etc.,
and may be omitted if necessary.
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A roof layer 360 is formed on the second insulating layer
350.

The roof layer 360 may be made of an organic material.

The microcavity 305 is formed below the roof layer 360,
and the roof layer 360 may be hardened by a hardening
process to maintain the shape of the microcavity 305.

That is, the roof layer 360 is formed to be spaced apart
from the pixel electrode 191 while interposing the micro-
cavity 305 therebetween.

The roof layer 360 is formed in each pixel area PX and in
the second valley V2 along a pixel row, and is not formed in
the first valley V1.

That is, the roof layer 360 is not formed between the first
and second subpixel areas PXa and PXb.

The microcavity 305 is formed below each roof layer 360
in the first and second subpixel areas PXa and PXb.

In the second wvalley V2, the microcavity 305 is not
formed below the roof layer 360, but is formed to be
attached to the substrate 110.

Accordingly, the roof layer 360 positioned at the second
valley V2 may be formed to have a greater thickness than the
roof layer 360 positioned in each of the first and second
subpixel areas PXa and PXb.

Atop surface and both lateral sides of the microcavity 305
is formed such that they are covered with the roof layer 360.

An injection hole 307 that partially exposes the micro-
cavity 305 is formed in the common electrode 270, the
second insulating layer 350, and the roof layer 360.

The injection holes 307 may be formed so as to face each
other at edges of the first subpixel area PXa and the second
subpixel area PXb.

That is, the injection holes 307 may be formed such that
they correspond to a lower side of the first subpixel area PXa
and an upper side of the second subpixel area PXb so as to
expose lateral sides of the microcavity 305.

Because the microcavity 305 is exposed by the injection
hole 307, an aligning agent or a liquid crystal material may
be injected into the microcavity 305 through the injection
hole 307.

An overcoat 390 may be formed on a third insulating layer
370.

The overcoat 390 is formed to cover the injection hole 307
through which the microcavity 305 is partially exposed to
the exterior of the microcavity 305.

That is, the overcoat 390 may seal the microcavity 305
such that the liquid crystal molecules 31 formed in the
microcavity 305 are not discharged outside of the micro-
cavity 305.

Because the overcoat 390 contacts the liquid crystal
molecules 31, the overcoat 390 may be made of a material
that is not reactive with the liquid crystal molecules 31.

For example, the overcoat 390 may be made of parylene
and the like.

The overcoat 390 may consist of multiple layers, such as
a double layer and a triple layer structure.

The double layer structure consists of two layers that are
made of different materials.

The triple layer structure consists of three layers, and
materials of adjacent layers are different from each other.

For example, the overcoat 390 may include a layer that is
made of an organic insulating material and a layer that is
made of an inorganic insulating material.

As shown in FIG. 1, polarizers (first polarizer 120 and a
second polarizer 130) may be further formed on upper and
lower sides of the display device.

The polarizers may consist of a first polarizer 120 and a
second polarizer 130.
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The first polarizer 120 may be attached to a lower side of
the substrate 110, while the second polarizer 130 may be
attached to the overcoat 390.

The display device including the display panel 101 (FIG.
1) and the polarization conversion panel 400 (FIG. 1) that
are described above may reduce the number of substrates
used, thereby reducing the thickness and weight of the
display device.

Further, improved touch sensing is provided to the display
device having an additional touch panel.

Next, a manufacturing method of a display device accord-
ing to an example embodiment will be described as follows.

Referring to FIGS. 4, 5 and 6, first, a gate line 121 and a
step-down gate line 123 that extend in one direction are
formed on a substrate 110 that is made of glass or plastic,
and a first gate electrode 124/, a second gate electrode 124/,
and a third gate electrode 124c¢ that protrude from the gate
line 121 are formed.

Further, a storage electrode line 131 may be integrally
formed such that it is spaced apart from the gate line 121, the
step-down gate line 123, and the first to third gate electrodes
1245, 124/, and 124c.

Next, a gate insulating layer 140 is formed on the entire
surface of the substrate 110 including the gate line 121, the
step-down gate line 123, and first to third gate electrodes
124/, 124/, and 124c¢, and the storage electrode line 131, by
using an inorganic insulating material such as a silicon
nitride (SiN,) and a silicon oxide (SiO,).

The gate insulating layer 140 may be formed with a single
layer or multiple layers.

Next, a first semiconductor 154/, a second semiconductor
154/, and a third semiconductor 154¢ are formed by depos-
iting a semiconductor material such as amorphous silicon,
polycrystalline silicon, and a metallic oxide on the gate
insulating layer 140 and then patterning the deposited semi-
conductor material.

The first semiconductor 154/ may be positioned on the
first gate electrode 124/, the second semiconductor 154/
may be positioned on the second gate electrode 1241, and the
third semiconductor 154¢ may be positioned on the third
gate electrode 124c.

Next, a data line 171 that extends in the other direction is
formed by depositing the metallic material and then pattern-
ing the deposited metallic material.

The metallic material may consist of a single layer or
multiple layers.

Further, a first source electrode 173/ protruding above the
first gate electrode 124/ from the data line 171 and a first
drain electrode 175/ spaced apart from the first source
electrode 173/ are integrally formed.

Further, a second source electrode 173/ connected to the
first source electrode 173/ and a second drain electrode 175/
spaced apart from the second source electrode 173/ are
integrally formed.

Further, a third source electrode 173¢ extending from the
second drain electrode 175/ and a third drain electrode 175¢
spaced apart from the third source electrode 173¢ are inte-
grally formed.

After being consecutively deposited, the semiconductor
material and the metallic material may be simultaneously
patterned to form the first to third semiconductors 1544,
154/, and 154c¢, the data line 171, the first to third source
electrodes 1734, 173/, and 173¢, and the first to third drain
electrodes 1754, 175/, and 175c¢.

In this case, the first semiconductor 154/ may be formed
to extend below the data line 171.
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The first, second, and third gate electrodes 1244, 124/, and
124¢, the first, second, and third source electrodes 1734,
173/, and 173¢, and the first, second, and third drain elec-
trodes 1754, 175/, and 175¢ form first, second, and third thin
film transistors (TFTs) Qh, Ql, and Qc together with the first,
second, and third semiconductors 1544, 154/, and 154c,
respectively.

Subsequently, a passivation layer 180 is formed on the
data line 171, the first to third source electrodes 173/, 173/,
and 173c, the first to third drain electrodes 175/, 175/, and
175¢, and exposed portions of the semiconductors 1544,
154/, and 154¢ between the source electrodes 17374, 173/,
and 173¢ and the drain electrodes 175/, 175/, and 175c¢.

The passivation layer 180 may be made of an organic
insulating material or an inorganic insulating material, and
may be formed with a single layer or multiple layers.

Next, a color filter 230 is formed in each pixel area PX on
the passivation layer 180.

The color filter 230 is formed in each of the first subpixel
area PXa and the second subpixel area PXb, and may not be
formed at the first valley V1.

Further, the color filters 230 having the same color may be
formed along a column direction of the plurality of pixel
areas PX.

In case of forming the color filters 230 of three colors, a
color filter 230 of a first color may be formed first and then
a color filter 230 of a second color may be formed by shifting
a mask.

Next, after forming the color filter 230 of the second color,
a color filter 230 of a third color may be formed by shifting
the mask.

Next, a light blocking member 220 is formed on a
boundary of each pixel area PX on the passivation layer 180
and the thin film transistor.

The light blocking member 220 may be formed at the first
valley V1 that is positioned between the first and second
subpixel areas PXa and PXb.

In the above description, the light blocking member 220
is formed after forming the color filters 230, but the present
disclosure is not limited thereto, and the light blocking
member 220 may be formed first and then the color filters
230 may be formed.

Next, a first insulating layer 240 made of an inorganic
insulating material such as a silicon nitride (SiN,), a silicon
oxide (Si0,), a silicon oxynitride (SiO,N,), etc. is formed on
the color filter 230 and the light blocking member 220.

Next, a first contact hole 185/ is formed by etching the
passivation layer 180, the light blocking member 220, and
the first insulating layer 240 such that it partially exposes the
first drain electrode 175/, and a second contact hole 185/ is
formed such that it partially exposes the second drain
electrode 1751

Next, a first subpixel electrode 191/ and a second sub-
pixel electrode 191/ are respectively formed in the first and
second subpixel areas PXa and PXb by depositing and then
patterning a transparent metallic material such as indium tin
oxide (ITO) and indium zinc oxide (IZO) on the first
insulating layer 240.

The first and second subpixel electrodes 191~ and 191/
are separated from each other while interposing the first
valley V1 therebetween.

The first subpixel electrode 191/ is formed to be con-
nected to the first drain electrode 175/ through the first
contact hole 185/, and the second subpixel electrode 191/ is
formed to be connected to the second drain electrode 175/
through the second contact hole 185/.
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Horizontal stem portions 193/% and 193/ and vertical stem
portions 192/ and 192/ crossing the horizontal stem portions
193/ and 193/ are respectively formed in the first and second
subpixel electrodes 191/ and 191/.

Further, a plurality of micro branch portions 194/ and
194/, which obliquely extend from the horizontal stem
portions 193/ and 193/ and the vertical stem portions 192/
and 192/, are formed.

A photosensitive organic material is coated on the pixel
electrode, and then a photolithography process is performed
to form a sacrificial layer (not shown).

The sacrificial layers (not shown) are formed to be
connected to each other along the plurality of pixel columns.

That is, the sacrificial layer (not shown) is formed to cover
each pixel area PX and the first valley V1 that is positioned
between the first and second subpixel areas

PXa and PXb.

Subsequently, a common electrode 270 is formed by
depositing a transparent metallic material such as indium tin
oxide (ITO) and indium zinc oxide (IZO) on the sacrificial
layer (not shown).

Next, a second insulating layer 350 may be formed on the
common electrode 270 by using an inorganic insulating
material such as a silicon nitride (SiN,), a silicon oxide
(8i0,), a silicon oxynitride (SiO,N,), etc.

Next, an organic material is coated and then patterned on
the second insulating layer 350 to form a roof layer 360.

In this case, the patterning may be performed to remove
the organic material positioned at the first valley V1.

Accordingly, the roof layers 360 may be formed to be
connected to each other along a plurality of pixel rows.

The sacrificial layer (not shown) is completely removed
by supplying a developer and a stripper solution on the
substrate 110 where the sacrificial layer (not shown) is
exposed, or by an ashing process.

When the sacrificial layer (not shown) is removed, the
microcavity 305 is created at a position where the sacrificial
layer (not shown) is positioned.

The pixel electrode 191 and the common electrode 270
are spaced apart from each other while interposing the
microcavity 305 therebetween, and the pixel electrode 191
and the roof layer 360 are spaced apart from each other
while interposing the microcavity 305 therebetween.

The common electrode 270 and the roof layer 360 are
formed to cover a top surface and both lateral sides of the
microcavity 305.

The microcavity 305 is exposed outside through a portion
where the roof layer 360, the second insulation layer 350,
and the common electrode 270 are removed, which is the
injection hole 307.

The injection hole 307 may be formed along the first
valley V1.

For example, injection holes 307 may be formed to face
each other at edges of the first and second subpixel areas
PXa and PXb.

That is, the injection hole 307 may be formed such that it
corresponds to a lower side of the first subpixel area PXa and
an upper side of the second subpixel area PXb so as to
expose lateral sides of the microcavity 305.

Alternatively, the injection hole 307 may be formed along
the second valley V2.

Next, the roof layer 360 is hardened by applying heat to
the substrate 110.

This is to maintain a shape of the microcavity 305 by the
roof layer 360.

Next, when an aligning agent containing an alignment
material is dripped on the substrate 110 by a spin coating
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method or an inkjet method, the aligning agent is injected
into the microcavity 305 through the injection hole 307.

When the aligning agent is injected into the microcavity
305 and then a hardening process is performed, a solution
component is evaporated and the alignment material remains
at an inner wall of the microcavity 305.

Accordingly, the first alignment layer 11 may be formed
on the pixel electrode 191, and the second alignment layer
21 may be formed below the common electrode 270.

The first and second alignment layers 11 and 21 are
formed to face each other while interposing the microcavity
305 therebetween, and are connected to each other at the
edges of the pixel area PX.

In this case, the first and second alignment layers 11 and
21 may be aligned in a direction that is perpendicular to the
substrate 110 except at the lateral sides of the microcavity
305.

In addition, by performing a process of irradiating ultra-
violet rays to the first and second alignment layers 11 and 21,
the alignment layers 11 and 21 may be aligned in a direction
parallel to the substrate 110.

Next, when the liquid crystal material formed by liquid
crystal molecules 31 is dripped on the substrate 110 by an
inkjet method or a dispensing method, the liquid crystal
material is injected into the microcavity 305 through the
injection hole 307.

In this case, the liquid crystal material may be dropped in
the injection holes 307 that are formed along the odd-
numbered first valleys V1, and may not be dripped in the
injection holes 307 that are formed along the even-numbered
first valleys V1.

Alternatively, the liquid crystal material may be dripped
in the injection holes 307 that are formed along the even-
numbered first valleys V1, and may not be dripped in the
injection holes 307 formed along the odd-numbered first
valleys V1.

When the liquid crystal material is dripped in the injection
holes 307 that are formed along the odd-numbered first
valleys V1, the liquid crystal material passes through the
injection hole 307 by capillary force such that it is placed
inside the microcavity 305.

In this case, because air inside the microcavity 305 is
discharged through the injection holes 307 that that are
formed along the even-numbered first valleys V1, the liquid
crystal material enters into the microcavity 305.

Further, the liquid crystal material may be dripped in all
of the injection holes 307.

That is, the liquid crystal material may be dripped in all
of the injection holes 307 that are formed along the odd-
numbered first valleys V1 and the even-numbered first
valleys V1.

An overcoat 390 is formed by depositing a material that
is not reactive with the liquid crystal molecules 31 on the
third insulating layer 370.

The overcoat 390 is formed such that it covers the
injection hole 307 where the microcavity 305 is exposed
outside and seals the microcavity 305.

Next, though not illustrated in FIGS. 5 and 6, additional
polarizers may be attached to the upper and lower sides of
the display device.

The polarizers may consist of a first polarizer 120 and a
second polarizer 130 (FIG. 1).

The second polarizer 130 may be attached to a bottom
surface of the substrate 110, while first polarizer 120 may be
attached on the overcoat 390.
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A manufacturing method of a polarization conversion
panel 400 will now be described with reference to FIGS. 7
to 9.

First, as shown in FIG. 7, a first electrode 404 is formed
by depositing a transparent metallic material such as indium
tin oxide (ITO) and indium zinc oxide (IZO) on one surface
of an insulation substrate 401.

Next, as shown in FIG. 8, a photosensitive organic
material is coated on the first electrode 404, and then a
photolithography process is performed to form a sacrificial
layer 500.

As shown in FIG. 3, the sacrificial layer 500 is formed in
a matrix form consisting of a plurality of islands.

Next, a passivation layer 410 is formed on the sacrificial
layer 500 by using an inorganic insulating material such as
a silicon nitride (SiN,), a silicon oxide (SiO,), a silicon
oxynitride (SiO,N)), etc.

Next, by partially etching the passivation layer 410, the
sacrificial layer is exposed, and the sacrificial layer 500 can
be completely removed by supplying a developer and a
stripper solution on the substrate 401 where the sacrificial
layer is exposed, or by an ashing process.

When the sacrificial layer is removed, the microcavity
405 is created at a position where the sacrificial layer is
positioned.

The microcavity 405 is exposed to the exterior of the
polarization conversion panel through a portion where the
passivation layer 410 is removed, which is the injection hole
407. Next, the substrate 401 may be heated to harden the
passivation layer 410.

This is to maintain the shape of the microcavity 405 by the
passivation layer 410.

Next, when an aligning agent containing an alignment
material is dripped on the substrate 401 by a spin coating
method or an inkjet method, the aligning agent is injected
into the microcavity 405 through the injection hole 407.

When the aligning agent is injected into the microcavity
405 and then a hardening process is performed, a solution
component is evaporated and the alignment material remains
at an inner wall of the microcavity 405.

Thus, an alignment layer (not shown) may be formed on
the first electrode 404, and another alignment layer (not
shown) may be formed below the passivation layer 410.

The alignment layers may be formed to face each other
while interposing the microcavity 405 therebetween.

In this case, the alignment layers may be aligned in a
direction perpendicular to the substrate 401 except at the
lateral sides of the microcavity 405.

In addition, by performing a process of irradiating ultra-
violet rays to the alignment layers, the alignment layers may
be aligned in a direction parallel to the substrate 401.

In the present disclosure, the example embodiment in
which the alignment layers are formed by a UV irradiation
process has been described, but it is not limited thereto, and
the alignment layers may be formed by a photo-alignment
process.

Next, when the liquid crystal material consisting of the
liquid crystal molecules 31 is dripped on the substrate 401
by an inkjet method or a dispensing method, the liquid
crystal material is injected into the microcavity 405 through
the injection holes 407.

When the liquid crystal material is dripped in the injection
holes 407, the liquid crystal material passes through the
injection hole 407 by capillary force such that it is placed
inside the microcavity 405.

In this case, because air inside the microcavity 405 is
discharged through the injection holes 407 that are formed
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along the even-numbered valleys V, the liquid crystal mate-
rial enters into the microcavity 405.

Further, the liquid crystal material may be dripped in all
of the injection holes 407.

That is, the liquid crystal material may be dripped in all
of the injection holes 407 that are formed along the odd-
numbered valleys V and the even-numbered valleys V.

Next, as shown in FIG. 9, an overcoat 420 is formed by
depositing a material that is not reactive with the liquid
crystal molecules 31 on the passivation layer 410.

The overcoat 420 is formed such that it covers the
injection hole 407 where the microcavity 405 is exposed
outside and seals the microcavity 405.

Next, a second electrode 434 (FIG. 2A) is formed by
depositing a transparent metallic material such as indium tin
oxide (ITO) and indium zinc oxide (IZO) on the overcoat
420.

Next, the polarization conversion panel 400 illustrated in
FIG. 2A can be manufactured by positioning the reflective
polarizer 403 on the second electrode 434 and the absorptive
polarizer 402 on the other side of the insulation substrate 401
formed before.

The display device including the polarization conversion
panel manufactured as such may reduce the width and
weight of the device because it requires fewer substrates,
and the polarization conversion panel and the display panel
may be bonded to each other to improve weakness that each
panel has.

A driving mechanism of a polarization conversion panel
according to an example embodiment will now be described
with reference to FIGS. 10 and 11.

FIG. 10 shows a driving mechanism of the polarization
conversion panel according to an example embodiment to
which no voltage is applied, and FIG. 11 shows a driving
mechanism of the polarization conversion panel according
to an example embodiment to which a voltage is applied.

According to the polarization conversion panel illustrated
in FIGS. 10 and 11, liquid crystals are in a vertically aligned
(“VA”) mode, transmissive axes of a first polarizer 120 and
a reflective polarizer 403 are parallel to each other, and the
transmissive axis of the reflective polarizer 403 is perpen-
dicular to a transmissive axis of the absorptive polarizer 402.

In addition, the liquid crystals of the VA mode have been
described, but they are not limited thereto, and the liquid
crystals of an OCB (optically compensated ben) mode or a
PLS (plane to line switching) mode may also be included.

FIG. 10 shows how the light is transmitted when the
voltage is applied, while FIG. 11 shows how the light is
transmitted when no voltage is applied.

Next, referring to FIG. 10, a case in which no voltage is
applied to the polarization conversion panel will be
described.

Incident light from the outside has polarization axes in all
directions, but only light with its polarization axis in one
direction passes through the absorptive polarizer 402 while
the remainder of the light is absorbed by the absorptive
polarizer 402.

As an example, the light in the horizontal direction is
transmitted.

The light desired to have a predetermined polarization
axis passes through the polarization conversion panel in the
VA mode that is applied with the voltage while maintaining
its polarization axis.

As an example embodiment, the polarization axes of the
reflective polarizer 403 and the absorptive polarizer 402 are
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perpendicular to each other, while the transmissive and
reflection axes of the reflective polarizer 403 are perpen-
dicular to each other.

The transmissive and reflective axes of the reflective
polarizer 403 are respectively in the vertical and horizontal
directions such that the light having its polarization axis in
the horizontal direction is completely reflected because its
polarization axis is in parallel with the reflective axis of the
reflective polarizer 403.

Such a transmittance property is equally applied to the
light that is emitted outside after being reflected from the
reflective polarizer 403.

The light reflected from the reflective polarizer 403 main-
tains its current polarization axis while passing through the
polarization conversion panel 400, and thus is transmitted
therethrough as its polarization axis is parallel to the trans-
missive axis of the absorptive polarizer 402.

As described above, because the light incident upon the
display device is reflected from the reflective polarizer 403
when no voltage is applied to the polarization conversion
panel and is then incident to a user’s eyes, the display device
provides a mirror function.

Next, referring to FIG. 11, a case in which voltage is
applied to the polarization conversion panel will be
described.

First, among incident light from the outside, only the light
having the same polarization axis as the transmissive axis of
the absorptive polarizer 402 passes through the absorptive
polarizer 402, and the remainder of the light is absorbed by
the absorptive polarizer 402.

Referring to FIG. 11, as an example, only the light having
the transmissive axis in the horizontal direction is transmit-
ted.

The polarization axis of the light that is polarized by the
absorptive polarizer 402 in one direction is rotated by 90
degrees while passing through the liquid crystals of the VA
mode to which the voltage is applied.

The light with its polarization axis rotated by 90 degrees
has a vertical polarization axis.

The light having the vertical polarization axis has the
polarization axis parallel to the transmissive axis of the
reflective polarizer 403 such that it is completely transmitted
therethrough.

Such light transmission is equally applied to the light
emitting out of the display panel 100.

The light polarized by the display panel 100 and the first
polarizer 120 has a polarization axis parallel to the trans-
missive axis of the first polarizer 120.

The transmissive axes of the first polarizer 120 and the
reflective polarizer 403 are parallel to each other such that
the light transmitted through the first polarizer 120 also
passes through the reflective polarizer 403.

Next, the light transmitted through the liquid crystals of
the VA mode to which the voltage is applied has its polar-
ization axis rotated by 90 degrees.

Thus, the incident light having the vertical polarization
axis is emitted outside such that it has the horizontal
polarization axis.

Because the transmissive axes of the reflective polarizer
403 and the absorptive polarizer 402 are perpendicular to
each other, the light having the horizontal polarization axis
passes through the absorptive polarizer 402 because its
polarization axis is parallel to the transmissive axis of the
absorptive polarizer 402.
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Thus, the light emitting out of the display panel 100
displays the image without having additional polarization
conversion when the voltage is applied to the polarization
conversion panel 400.

A display device according to an example embodiment
will now be described with reference to FIGS. 12 and 13.

FIG. 12 is an image showing a mode of the display device
in which a display image is shown, and FIG. 13 is an image
of the display device operated in a mirror mode with no
voltage applied to the polarization conversion panel.

FIG. 12 is a case in which the voltage is applied to the
conversion panel according to the example embodiment and
the display panel displays an outputted image.

In the present disclosure, as an example, a printed mate-
rial is placed under the polarization conversion panel such
that it is seen by a user’s eyes.

When the display panel is positioned at a position where
the printed material is placed, the user’s eyes may recognize
the image that the display panel outputs.

Referring to FIG. 13, which is a case in which no voltage
is applied according to an example embodiment, and as a
result, the polarization conversion panel provides a reflec-
tive mode in which the mirror function is implemented.

That is, according to the aforementioned principle, the
polarization conversion panel 400 including the liquid crys-
tals of the VA mode liquid crystals may provide a mode in
which it displays an image when the voltage is applied and
operating as a mirror when no voltage is applied

Accordingly, the display device according to example
embodiments has an advantage of having reduced thickness
and weight as well as implementing the mirror and display
mode.

While example embodiments have been described in
connection with what is presently considered to be practical
example embodiments, it is to be understood that the inven-
tion is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the disclosure, including the appended claims.

<Description of Symbols>

100: display panel
401: insulation substrate
404: first electrode
307, 407: injection hole
390, 420: overcoat
403: reflective polarizer

400: polarization conversion panel
402: absorptive polarizer

304, 405: microcavity

180, 410: passivation layer

434: second electrode

What is claimed is:
1. A display device comprising:
a display panel; and
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a polarization conversion panel facing the display panel,
wherein

the polarization conversion panel includes:

an insulation substrate;

an absorptive polarizer positioned on the insulation sub-
strate;

a first electrode positioned on the absorptive polarizer;

a passivation layer formed on the first electrode while
being spaced apart therefrom and a microcavity inter-
posed between the passivation layer and the first elec-
trode, the passivation layer including an injection hole;

an overcoat formed on the passivation layer to cover the
injection hole and seal the microcavity;

a second electrode positioned on the overcoat;

a reflective polarizer positioned on the second electrode;
and

a liquid crystal layer positioned in the microcavity.

2. The display device of claim 1, wherein

the display panel contacts the reflective polarizer.

3. The display device of claim 1, wherein

the first and second electrodes are made of a transparent
conductive oxide (TCO).

4. The display device of claim 1, wherein

a first polarizer positioned between the display panel and
the reflective polarizer is further included, and

transmissive axes of the first polarizer and the reflective
polarizer coincide with each other.

5. The display device of claim 4, wherein

the transmissive axis of the reflective polarizer is perpen-
dicular to a transmissive axis of the absorptive polar-
izer.

6. The display device of claim 4, wherein

a reflective axis of the reflective polarizer is parallel to the
transmissive axis of the absorptive polarizer.

7. The display device of claim 4, wherein

the transmissive and reflective axes of the reflective
polarizer are perpendicular to each other.

8. The display device of claim 1, wherein

the display panel includes:

a substrate including a plurality of pixel areas that are
arranged in a matrix form including a plurality of pixel
rows and pixel columns;

a thin film transistor formed on the substrate;

a pixel electrode formed in the pixel arca while being
connected to the thin film transistor;

a roof layer formed on the pixel electrode while being
spaced apart therefrom and interposing a display micro-
cavity therebetween;

a liquid crystal layer filling the display microcavity; and

an overcoat formed on the roof layer to cover the first
injection hole and seal the display microcavity.
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